Introduction {#sec1}
============

There are many physically demanding activities such as sprinting, running, jumping, and tackles in soccer. At the same time, soccer also involves many technical actions including dribbling, shooting, and passing.[@bib1] It is notable for frequent high-intensity intermittent exercises, and the performance rely on complex characteristics such as tactical, technical, physiological and psychological variables.[@bib2] Among these variables, psychological factors such as cognitive function have been used to predict soccer performance.[@bib3]^,^[@bib4] Cognitive function describes processes in which humans perceive, evaluate, store, manipulate and respond appropriately to internal and external information.[@bib5] As soccer players need to respond continuously to a changing and relatively unpredictable situation in the field, cognitive function has been suggested to predict performance of soccer players.[@bib3] Also, perceptual and cognitive skills,[@bib4] inhibitory control, cognitive flexibility, and metacognition[@bib6] were all superior in elite compared to non-elite players. Therefore, it is necessary to investigate whether there are strategies those can be applied to maintain the cognitive function of soccer players, which typically deteriorate when fatigue ensues towards the end of a game and thus provide a direct intervention to enhance soccer performance.

Dehydration (of ∼2% body mass loss) is commonly observed in soccer training and match play,[@bib7]^,^[@bib8] with evidence also suggesting that this dehydration impairs soccer performance.[@bib9] Cognitive function may also be negatively influenced by dehydration caused by exercise.[@bib10] The consumption of traditional carbohydrate-electrolyte solutions (CES) may offset the effect of dehydration on soccer performance.[@bib11]^,^[@bib12] CES consumption has also been suggested as a way to improve cognitive function after submaximal endurance exercise, compared with placebo consumption.[@bib13]^,^[@bib14] Co-ingestion of CHO and protein (carbohydrate-electrolyte-protein solution, CEPS) during endurance exercise was shown to improve endurance exercise capacity and prevent muscle damage, when compared with CHO alone.[@bib15]^,^[@bib16] One recent study found that, compared with distilled water, CEPS but not CES may enhance visual motor speed in female recreational runners.[@bib17] Another study suggested that CEPS consumption decreased the perception of effort and enhanced affective responses during 90 min of strenuous running, compared with traditional CES.[@bib18] However, to date, few studies have been conducted to investigate the potential beneficial effect of CES or CEPS consumption on the cognitive function of soccer players.

Therefore, the purpose of the present study was to investigate the effects of three different solutions, i.e., CES, CEPS, and placebo (PLA), consumed during soccer specific exercise protocol on cognitive function in male college soccer players in Hong Kong. The hypothesis is that both CES and CEPS consumption will enhance cognitive function compared with PLA. Furthermore, a secondary hypothesis is that CEPS will confer additional benefits on cognitive function of participants when compared with CES.

Materials and methods {#sec2}
=====================

Participants {#sec2.1}
------------

Overall, 16 male college soccer players were recruited to participate the present study. Their age, height, weight, and maximal oxygen consumption (VO~2max~) were 21 ± 1 yr, 174.9 ± 4.4 cm, 68.6 ± 7.7 kg, and 52.0 ± 6.1 mL/kg/min, respectively. Participants were fully informed of the whole procedure and the potential discomfort before they signed a written consent. Ethical approval of the present study was obtained from the University Research Ethical Committee, The Education University of Hong Kong. The study has therefore been performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki.

The sample size was calculated using F tests ANOVA repeat measures (within factors) with G∗Power software (Version 3.1, Germany). When adopting a two-tailed probability level of 0.05, an effect size of 0.23 ^19^, a conservative correlation between repeated measures of 0.50 and power of 80%, the sample size should be 16 participants in each main trial.

Preliminary tests {#sec2.2}
-----------------

One week prior to the main experimental trial, participants were required to undergo a series of preliminary tests to measure basic physiological characteristics, including the VO~2max~ test and oxygen uptake (VO~2~)-speed relationship test on a treadmill. These two tests have been used in previous study.[@bib20] In brief, participants were required to complete four stages, each of 4 min duration, at four different speeds in the VO~2~-speed test. Expired air samples were collected continuously (Cortex Metalyzer® 3B, Germany) in the test. The data during the last minute of each stage were analyzed to determine the relationship between the speed and VO~2~ using linear regression. In the VO~2max~ test, participants completed a continual, incremental graded uphill running. The submaximal running speed was maintained throughout the test, whereas the gradient of the treadmill was set at 3.5% initially and was increased by 2% per 3-min until volitional exhaustion. The purposes of these preliminary tests were to determine the individual VO~2max~, as well as speed equivalent to 55% and 95% of the individual VO~2max~. Participants also completed one pilot trial to become familiar with all the procedures and requirements in the main trials, especially the Loughborough Intermittent Shuttle Test (LIST) protocol and cognitive function tests. The LIST was designed to simulate the exercise pattern and physiological demands of intermittent sports such as soccer, and it has been shown to have good test-retest reliability.[@bib21] The design of the LIST is shown in [Fig. 1](#fig1){ref-type="fig"}. The whole protocol consists of six 15-min blocks separated by 3-min rest. In each block, there were 10--12 cycles of different activities. Each cycle involves 3 × 20-m walk, 1 × 20-m maximal sprint, 4s standing rest, 3 × 20-m run at around 55% VO~2max~ pace, and 3 × 20-m run at around 95% VO~2max~ pace.Fig. 1Representation of the LIST, adopted from Nicholas et al., 2000.Fig. 1

Study design and protocol {#sec2.3}
-------------------------

Participants completed three main experimental trials in a randomized cross-over design with a wash out period of around 7 days. They were asked to record their food and drink consumption for 2 d before the first trial and follow the same diet before each subsequent trial. All participants were required to refrain from alcohol consumption and vigorous physical activity 24 h before each trial. In addition, participants were instructed to ingest approximately 500 mL of water 2 h before arriving at the laboratory to maintain euhydration condition.

In each main trial, the participants arrived at the laboratory 2 h after a standardized meal, which was the same for all experimental trials. Upon arrival, the participants rested for around 20 min. Then the baseline level of body mass (BM), rating of perceived exertion (RPE), perceived thirst (PT), abdominal discomfort (AD), and heart rate (HR) were recorded. Baseline finger capillary blood sample (BS) were also be collected to test blood glucose and blood lactate concentrations. The baseline performance of cognitive function was also evaluated. After baseline data collection, participants performed a standardized 5-min warm-up including jogging, skipping, jumping, walking, and stretching. Then they completed the LIST protocol. The experimental protocol is shown in [Fig. 1](#fig1){ref-type="fig"}.

One of three taste-matched solutions was provided to the participants immediately before warming up (5 mL/kg BM) and every 15 min thereafter (during resting period, 2 mL/kg BM).[@bib19] The drinking patters were shown in [Fig. 1](#fig1){ref-type="fig"}. The three solutions were CES, CEPS, and taste- and color-matched PLA, separately. The three solutions were formulated based on a local commercial sports drink (Aquarius, Coca-Cola, HK), and were used in previous study[@bib17] which demonstrated that participants could not distinguish between the solutions. All these solutions contain the same electrolyte profile (Sodium, 7 mg/100 mL; Potassium, 7 mg/100 mL; Magnesium, 1.1 mg/100 mL; Calcium, 0.7 mg/100 mL), and a flavor was used to mask any potential difference in taste. The CES contained 6% CHO in the form of sucrose, CEPS contained 4% CHO in the form of sucrose plus 2% whey PRO (bcshop, HK), and the total energy was matched between CES and CEPS. The PLA is a non-caloric artificially sweetened solution (Aquarius Zero, Coca-Cola, HK).

Outcome measures {#sec3}
================

Cognitive function {#sec3.1}
------------------

Cognitive function was examined using a testing battery and administered via a laptop computer. This test took approximately 15 min to complete. The battery of tests includes a Visual Search Test (VST, assessing perception), the Stroop Test (ST, assessing attention and executive function), and the Rapid Visual Information Processing Test (RVIPT, assessing sustained attention and vigilance). This battery allows a range of domains of cognitive function to be examined, and has been successfully used in a number of previous studies examining the effects of exercise and nutrition on sporting performance.[@bib22]

Demographic and individual information {#sec3.2}
--------------------------------------

All participants self-reported their demographic information regarding age, gender, years of soccer experience. Body height and weight were measured using height and weight scales (Body Weight Precisa, DPS-Promaticsrl, Italy).

Blood biomarkers {#sec3.3}
----------------

Capillary blood samples were collected to determine blood lactate concentration using a portable blood lactate analyzer (Nova Lactate Plus, USA). Blood glucose concentration was also determined (YSI1502, YSI, USA).

Heart rate (HR) {#sec3.4}
---------------

The HR was measured throughout each main experimental trial using a HR monitor (Polar Team System, Polar Electroy, Finland), to provide a measure of exercise intensity.

Subjective measures {#sec3.5}
-------------------

The RPE is ranked from 6 to 20.[@bib23] The score of PT and AD are scaled from 0 to 10, where 0 means "not so much" and 10 means "very much".[@bib19] These subjective measures helped to understand the different physiological responses to the interventions adopted in the present study.

Statistics {#sec3.6}
----------

Statistical analyses were performed using SPSS software and R software. Data were presented as mean ± standard deviation (SD). Two-factor (treatment and time) analysis of variance (ANOVA) with repeated measures were used to test the physiological outcome measures, including blood glucose and lactate concentrations, as well as RPE and PT. A Bonferroni stepwise correction was applied to determine the location of the variance where necessary. Cognitive function data were analyzed using R 3.5.1 ([www.r-project.org](http://www.r-project.org){#intref0010}). Analyses were performed using a two-way repeated measures ANOVA (trial × time), separately for each test level. Separate analyses for each test level were performed due to the simple and complex levels of each test requiring different cognitive processes. Where a significant overall trial × time interaction was identified, further analysis were run separately to compare the trials to elucidate where the differences occurred. The statistical significance was accepted as P \< 0.05.

Results {#sec4}
=======

Cognitive function {#sec4.1}
------------------

The data for each of the cognitive function tests at each time point across all trials can be found in [Supplementary Table 1](#appsec1){ref-type="sec"}.

### Visual search test {#sec4.1.1}

#### Response times {#sec4.1.1.1}

On the complex level of the VST, there was a significant trial × time interaction (F~(2,30)~ = 6.2, P = 0.002, [Fig. 2](#fig2){ref-type="fig"}). Specifically, response times improved from pre- to post-exercise on both the CES and CEPS trials, whilst they were maintained on the PLA trial (trial × time interactions: CES vs. PLA, F~(1,15)~ = 7.1, P = 0.008; CEPS vs. PLA, F~(1,15)~ = 10.2, P = 0.002; [Fig. 2](#fig2){ref-type="fig"}). There was no difference in the change from pre- to post-exercise between the CES and CEPS trials (trial × time interaction, p = 0.457).Fig. 2Change in response times from pre- to post-exercise on the complex level of the visual search test on the CES, CEPS and PLA trials. Data are mean ± SD. ∗: P \< 0.05, vs. Pre-exercise; b: P \< 0.05, CEPS vs. PLA.Fig. 2

#### Accuracy {#sec4.1.1.2}

On the simple level of the VST, there was a significant trial × time interaction for accuracy (F~(2,30)~ = 4.0, p = 0.018, [Fig. 3](#fig3){ref-type="fig"}a). Specifically, whilst accuracy decreased from pre- to post-exercise on the CES trial, accuracy improved on both the CEPS and PLA trials (trial × time interactions: CES vs. CEPS, F~(1,15)~ = 6.7, p = 0.010; CES vs. PLA, F~(1,15)~ = 5.2, p = 0.023; [Fig. 3](#fig3){ref-type="fig"}a). On the complex level of the VST, there was also a significant trial × time interaction for accuracy (F~(2,30)~ = 20.1, p \< 0.001; [Fig. 3](#fig3){ref-type="fig"}b). Upon further inspection, whilst there was a slight decrease in accuracy from pre- to post-exercise on the CES and CEPS trials, accuracy improved on the PLA trial (trial × time interactions, CES vs. PLA, F~(1,15)~ = 24.2, p \< 0.001; CEPS vs. PLA, F~(1,15)~ = 29.7, p \< 0.001; [Fig. 3](#fig3){ref-type="fig"}b).Fig. 3Change in the percentage of correct responses from pre- to post-exercise on the simple ([Fig. 3](#fig3){ref-type="fig"}a) and complex ([Fig. 3](#fig3){ref-type="fig"}b) levels of the visual search test on the CES, CEPS and PLA trials. Data are mean ± SD. ∗: P \< 0.05, vs. Pre-exercise; a: P \< 0.05, CES vs. PLA; b: P \< 0.05, CEPS vs. PLA.Fig. 3

### Stroop Test {#sec4.1.2}

#### Response times {#sec4.1.2.1}

On the complex level of the ST, there was a significant trial × time interaction (F~(2,30)~ = 4.4, P = 0.013, [Fig. 4](#fig4){ref-type="fig"}). Specifically, upon further analysis it was revealed that whilst response times slowed from pre- to post-exercise on the PLA trial, response times improved from pre- to post-exercise on the CES trial (F~(1,15)~ = 9.1, P = 0.003, [Fig. 4](#fig4){ref-type="fig"}). There was no difference in the change in response times from pre- to post-exercise between the other trials (CES vs. CEPS, p = 0.124; CEPS vs. PLA, p = 0.169).Fig. 4Change in response times from pre- to post-exercise on the complex level of the Stroop test on the CES, CEPS and PLA trials. Data are mean ± SD. ∗: P \< 0.05, vs. Pre-exercise; a: P \< 0.05, CES vs. PLA.Fig. 4

#### Accuracy {#sec4.1.2.2}

There was no difference in the pattern of change in accuracy from pre- to post-exercise between any of the trials on either the simple or complex level of the ST (trial × time interactions: simple, p = 0.890; complex, p = 0.417).

### Rapid Visual Information Processing Test {#sec4.1.3}

#### Response times {#sec4.1.3.1}

There was a significant trial × time interaction for response times on the RVIPT (F~(2,30)~ = 3.6, p = 0.028*;* [Fig. 5](#fig5){ref-type="fig"}a). Specifically, whilst response times remained similar from pre- to post-exercise on the PLA trial, they improved from pre- to post-exercise on the CES trial (trial × time interaction, F~(1,15)~ = 6.3, p = 0.012; [Fig. 5](#fig5){ref-type="fig"}a) but slowed on the CEPS trial (trial × time interaction, F~(1,15)~ = 4.2, p = 0.041; [Fig. 5](#fig5){ref-type="fig"}a).Fig. 5Change in response times ([Fig. 5](#fig5){ref-type="fig"}a) and correct responses ([Fig. 5](#fig5){ref-type="fig"}b) from pre- to post-exercise on the RVIP test on the CES, CEPS and PLA trials. Data are mean ± SD. ∗: P \< 0.05, vs. Pre-exercise; a: P \< 0.05, CES vs. PLA; b: P \< 0.05, CEPS vs. PLA.Fig. 5

#### Accuracy {#sec4.1.3.2}

There was a significant trial × time interaction for accuracy on the RVIPT (F~(2,30)~ = 6.7, p = 0.001; [Fig. 5](#fig5){ref-type="fig"}b). Specifically, whilst accuracy was maintained from pre- to post-exercise on the PLA trial, it increased from pre- to post-exercise by a similar magnitude on both the CES and CEPS trials (trial × time interactions, CES vs. PLA, F~(1,15)~ = 5.9, p = 0.015; CEPS vs. PLA, F~(1,15)~ = 12.9, p \< 0.001; [Fig. 5](#fig5){ref-type="fig"}b).

Physiological data and subjective measures {#sec4.2}
------------------------------------------

The data for each of the physiological tests and subjective measures at each time point across all trials can be found in [Table 1](#tbl1){ref-type="table"}.Table 1Physiological data in three trials (Mean ± SD, n = 16).Table 1IndicatorsTrialResting15-18′33-36′51-54′69-72′87-90′105-108′Blood Glucose ConcentrationCES6.09 ± 1.134.93 ± 1.00^a^5.84 ± 0.63^b^5.76 ± 0.57^b^5.76 ± 0.40^b^5.39 ± 0.814.95 ± 1.19^a,c,d,e,f^PLA6.36 ± 1.224.77 ± 0.94^a^5.31 ± 0.71^a,b^5.06 ± 1.38^a^5.47 ± 0.81^a,b^5.24 ± 0.97^a,b^5.29 ± 1.41^b^CEPS6.23 ± 1.285.31 ± 1.565.85 ± 0.64^\#^5.94 ± 0.90^\#^5.58 ± 0.50^a,c^5.78 ± 0.50^\#^5.78 ± 0.44 ∗  Blood Lactate ConcentrationCES1.5 ± 0.81.4 ± 0.51.4 ± 0.72.1 ± 1.5^c^1.6 ± 1.12.3 ± 1.6^b,c,e^2.5 ± 1.6^b,c^PLA1.5 ± 1.01.6 ± 0.82.1 ± 1.2 ∗1.4 ± 1.1 ∗^,c^1.7 ± 0.81.5 ± 0.81.7 ± 1.6CEPS1.4 ± 0.81.5 ± 0.81.4 ± 0.61.6 ± 0.72.3 ± 1.2^a,c,d^1.6 ± 0.6^e^2.0 ± 0.9^a^  ADCES0.1 ± 0.30.3 ± 0.6^a^0.5 ± 0.8^a^0.9 ± 1.3^a^0.7 ± 1.0^a^0.8 ± 1.1^a^0.9 ± 1.1^a,b^PLA0.1 ± 0.30.3 ± 0.6^a^0.4 ± 0.70.6 ± 1.0^a^0.7 ± 1.20.9 ± 1.3^a,c^1.2 ± 1.7^a,b,c,d,e^CEPS0.2 ± 0.40.6 ± 0.8^a^0.6 ± 0.9^a^0.9 ± 1.1^a^1.0 ± 1.1^a,b,c^1.1 ± 1.0^a,b,c^1.2 ± 1.2^a,b,c^  PTCES0.4 ± 0.51.3 ± 0.9^a^1.9 ± 1.2^a,b^2.4 ± 1.5^a,b^2.4 ± 1.7^a,b^2.9 ± 1.9^a,b,c,d,e^2.8 ± 1.8^a,b,c^PLA0.4 ± 0.81.5 ± 1.5^a^1.8 ± 1.6^a^2.3 ± 1.7^a,b,c^2.7 ± 1.8^a,b,c,d^2.9 ± 2.0^a,b,c,d^3.0 ± 2.0^a,b,c,d^CEPS0.3 ± 0.61.3 ± 1.0^a^2.0 ± 1.4^a,b^2.3 ± 1.5^a,b^2.3 ± 1.6^a,b^2.4 ± 1.8^a,b^2.5 ± 1.8^a,b^  RPECES0.0 ± 0.02.0 ± 0.8^a^2.4 ± 1.2^a,b^3.3 ± 1.5^a,b,c^3.8 ± 1.4^a,b,c,d^4.3 ± 1.7^a,b,c,d,e^4.8 ± 1.8^a,b,c,d,e,f^PLA0.0 ± 0.01.5 ± 0.7 ∗^,a^2.1 ± 0.8^a,b^2.9 ± 1.1^a,b,c^3.3 ± 1.4^a,b,c,d^4.0 ± 1.7^a,b,c,d,e^4.3 ± 1.8^a,b,c,d,e^CEPS0.0 ± 0.01.8 ± 1.2^a^2.3 ± 1.4^a,b^2.9 ± 1.5^a,b,c^3.2 ± 1.5^a,b,c^3.8 ± 1.4^a,b,c,d,e^4.0 ± 1.5^a,b,c,d,e,f^  HRCES82 ± 7127 ± 19^a^125 ± 17^a^123 ± 15^a^120 ± 14^a,b^120 ± 14^a^119 ± 16^a,b^PLA80 ± 7122 ± 21^a^120 ± 14^a^119 ± 15^a^119 ± 12^a^120 ± 12^a^125 ± 28^a^CEPS82 ± 9118 ± 13 ∗^,a^119 ± 13 ∗^,a^120 ± 13^a^123 ± 27^a^116 ± 13^a,d^117 ± 13^a,d^[^1][^2][^3]

### Glucose and lactate {#sec4.2.1}

There was no difference in blood glucose concentration among the three trials. However, it was found that blood glucose concentration was higher in CEPS trial than that in PLA trial at 33 min, 51 min and 87 min ([Table 1](#tbl1){ref-type="table"}). Blood glucose concentration was also higher in CEPS trial than that in CES trial after the whole LIST protocol ([Table 1](#tbl1){ref-type="table"}). A significant time effect was observed (F~(6,20)~ = 4.712, P = 0.016). In PLA trial, blood glucose concentrations were lower than resting value at most of time points, whereas they were maintained in both CES and CEPS trials at most of time points ([Table 1](#tbl1){ref-type="table"}). There was no difference in blood lactate concentration among three trials and among different time points.

### Abdominal discomfort and perceived thirst {#sec4.2.2}

There was no difference in AD scores among three trials and among different time points. There was also no difference in PT scores among three trials. However, a significant time effect was observed (F~(6,20)~ = 14.398, P \< 0.001). In general, the PT scores increased gradually in all three trials ([Table 1](#tbl1){ref-type="table"}).

### Rating of perceived exertion and heart rate {#sec4.2.3}

There was no difference in RPE scores among three trials. A significant time effect was observed (F(6,20) = 19.668, P \< 0.001). In general, the RPE scores increased gradually in all three trials ([Table 1](#tbl1){ref-type="table"}). There was also no difference in HR among three trials. However, it was found that HR after session 1 and session 2 in CEPS trial were lower than those in CES trial. A significant time effect was observed (F~(6,20)~ = 15.674, P \< 0.001). In general, HR was higher after each session than resting ([Table 1](#tbl1){ref-type="table"}).

Discussion {#sec5}
==========

To the best of our knowledge, the present study was the first study to investigate the effects of three different solutions, i.e. CES, CEPS, and PLA, consumed during soccer specific exercise protocol on cognitive function in male college soccer players. The key findings were that both CES and CEPS consumption showed certain benefits on some aspects of cognitive function.

Acute administration of CHO can facilitate cognitive performance, yet the effect of CES consumption on the cognitive function of soccer players has not been studied to date. In the present study, we found that, compared with PLA, CES improved response time in several tests including VST (complex level), ST (complex level), and RVIPT. For the accuracy, it seems that CES improved RVIPT performance than PLA. However, it should be noted that CES consumption seems to decrease accuracy in VST. Therefore, the findings of the present study suggest that, during high intensity intermittent exercise, the effects of CES on cognitive performance may be domain dependent. For example, as VST is usually used to assess perception, and RVIPT is generally used to assess sustained attention and vigilance,[@bib22] the results indicate that CES may have different effects on different aspects of cognitive function. According to previous studies, elite soccer players elicited better perceptual and cognitive skills,[@bib4] inhibitory control, cognitive flexibility, and metacognition[@bib6] than non-elite players. Therefore, the results indicated that short-term CES consumption may not benefit all these domains of cognitive function for soccer players. Furthermore, although traditionally CES has been suggested to affect decision-making and technical proficiency (e.g., soccer skills or techniques), one recent review also suggested a non-significant relationship between cognitive function and acute CHO intake.[@bib24] The present study adds to the existing evidence base by demonstrating that CES consumption, when compared to a PLA, enhances perception, executive function and sustained attention; three important domains of cognition that may contribute to successful soccer performance.

Previous evidence has shown that CHO consumption enhances a number of cognitive domains, such as executive function, as measured by the Trail Making Test[@bib25] and short-term memory.[@bib26] Previous studies have also found that CES consumption may delay the onset of fatigue,[@bib27] enhance working memory,[@bib14] reduce RPE and improve choice reaction time[@bib13] during and/or after endurance exercise. The potential mechanism may be that the increased plasma glucose concentrations after CHO administration leads to alterations in glucose uptake and utilization by the brain, and ultimately causes an increase in glucose-mediated synthesis of acetylcholine in the hippocampus region.[@bib28] Another potential explanation is the improved insulin responses after CHO ingestion, which may be responsible for the improved effects of glucose on memory.[@bib29]

In addition to the beneficial effects of CHO on cognition, protein may also facilitate cognitive performance. In the present study, we found that, compared with PLA, the CEPS consumption improved accuracy in RVIPT, although the response time slowed. On the other hand, although the response time decreased in CEPS trial than PLA trial in VST (complex level), the accuracy also decreased. The results indicated that CEPS consumption may benefit sustained attention and vigilance, potentially contributing to successful soccer performance, but did not affect perception. However, the decreased response time in VST indicated that the changes in the function of perception domain were complicated after CEPS consumption. Given that the present study is the first to examine the effect of CES and CEPS on cognition in soccer players, is difficult to draw definitive conclusions and further research is warranted. However, the suggestion that CEPS may be beneficial for cognition is in line with previous findings demonstrating that protein can reduce the rate of forgetting on a paragraph recall task in healthy older adults,[@bib25] as well as result in better attention and efficiency of tasks concomitant with a higher metabolic activation in young adults.[@bib26] The potential mechanism may be that branched chain amino acids (BCAA) decomposed from protein can lower the ratio of plasma f-Tryptophan (TRP)-to-BCAA, which decreases the amount of f-TRP being transported across the blood-brain barrier. This inhibits the synthesis of 5-hydroxytryptophan (5-HT), while 5-HT play an important role in central fatigue.[@bib30] Several studies conducted by our research group have indicated the CEPS consumption during endurance exercise may provide certain more benefits than traditional CES on cognitive function,[@bib17] and the sense of effort, as well as affective responses.[@bib18] However, to the best of our knowledge, the present study is the first to assess the effects of CEPS and CES on cognitive function in soccer players. As soccer players have to anticipate and react continuously in the field, it is reasonable to speculate that the findings of the present study may provide valuable information regarding the domains of cognition affected by CES and CEPS consumption during soccer; and given the importance of cognition for soccer performance,[@bib3] this has implications for successful performance.

Although CES and CEPS showed similar effects in the present study, we also found some differences between CES and CEPS trials. For example, CEPS consumption improved the accuracy of VST (simple level), compare with CES consumption. In the present study, blood glucose were well maintained in CEPS trial but not in CES and PLA trials ([Table 1](#tbl1){ref-type="table"}). This may be part of reason that CEPS consumption may have more beneficial effect on cognitive function. In one previous study using similar three treatments,[@bib17] blood glucose concentration was found to be higher in CES trial than PLA trial during a 21-km run. The inconsistent result may come from different exercise protocol and participants in these two studies. However, only small differences were observed in blood glucose concentrations among the three trials in the present study; therefore the physiological significance of such small changes in blood glucose concentration should be discussed cautiously. It should be noted that types of protein may be one important factor in affecting the potential benefits of CEPS. One previous study found that increasing the availability of tyrosine may improve cognitive function during soccer-specific exercise in a warm environment.[@bib31] Several previous studies also suggested that co-ingestion of CHO and alpha-lactalbumin may attenuate feeling of muscle pain and fatigue, as well as cortisol responses during or after endurance exercise, compared with co-ingestion of CHO and whey protein.[@bib18]^,^[@bib32]^,^[@bib33] Therefore, further research is warranted to investigate the optimal consumption of a sports drink for cognitive function for soccer players; which may ultimately enhance overall soccer performance.

Whilst the present study provides important novel findings regarding the effects of CES and CEPS on cognitive performance in soccer players, there are a number of limitations that should be noted. Firstly, urine or blood samples were not collected to test hydration status prior to each main trial. However, participants were required to consume water 2 h before they arrived at the lab to ensure they did not arrive in a dehydrated state. Secondly, we did not record the sprint performance during the LIST protocol. The addition of this measure to future studies may provide additional valuable information regarding the potential effects of different solutions on physical performance, as well as cognitive performance, to provide a more holistic overview of the effects on soccer performance.

Conclusion {#sec6}
==========

In conclusion, both CES and CEPS consumption during soccer specific exercise protocol showed certain benefits on some aspects of cognitive function (particularly sustained attention and vigilance) in male college soccer players in Hong Kong. However, these effects may be specific to the cognitive domain tested, with some domains more preferentially affected by CEPS than CES.
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[^1]: CES: Carbohydrate-electrolyte solution; CEPS: Carbohydrate-electrolyte and protein solution; PLA: placebo; AD: Abdominal Discomfort; PT: Perceived Thirst; RPE: Rating of Perceived Exertion; HR: Heart Rate.

[^2]: ∗, P \< 0.05 vs. CES; \#, P \< 0.05 vs. PLA.

[^3]: a, P \< 0.05 vs. Resting; b, P \< 0.05 vs. Session 1; c, P \< 0.05 vs. Session 2; d, P \< 0.05 vs. Session 3; e, P \< 0.05 vs. Session 4; f, P \< 0.05 vs. Session 5.
